Compressional wave velocities were measured for sediments from the reference site for the Nankai subduction zone, obtained during Integrated Ocean Drilling Program Nankai Trough Seismogenic Experiment (NanTroSEIZE) Expedition 333. The samples were cored at Sites C0011 and C0012. Five samples were tested from each site. Laboratory tests were conducted with controlled pore fluid pressure and confining pressure. We also measured porosity change during experiments using the change in fluid volume.
Introduction
The change in physical properties from incoming sediment to accretionary prisms is a key to understanding mass balance of sediments, fluid flux, heat transportation, wedge architecture, and seismic behavior at a subduction interface (e.g., Bangs and Westbrook, 1991; von Huene and Scholl, 1991; Moore and Vrolijk, 1992; Erickson and Jarrard, 1998; Bilek and Lay, 1999; Moore and Saffer, 2001; Gettemy and Tobin, 2003; Saffer, 2007) . Although Integrated Ocean Drilling Program (IODP) Nankai Trough Seismogenic Experiment (NanTroSEIZE) Stage 1 was conducted targeting sediments in the wedge, slope basins, backarc basin, decollement, and shallow portion of the megasplay fault, incoming sediments at the reference sites located oceanward of the deformation front were drilled during IODP NanTroSEIZE Stage 2 Expeditions 322 and 333. Incoming sediments at the reference sites represent the state before subduction and in this respect are very important to understanding the change in physical properties after underthrusting. In addition, because the sediments at the reference sites are considered to be in a normal compaction state, the porosityvelocity relationship can be used to convert velocity into porosity and also into pore pressure (e.g., Saffer, 2007) .
We measured compressional wave velocity at a variety of effective pressures to examine the relationship between porosity and veloc-ity for sediments from Sites C0011 and C0012 from Expedition 333.
Site locations and lithologies

Site C0011
Site C0011 is located at the northern flank of the Kashinosaki Knoll (Figs. F1, F2) . A total of 380 m of cores was obtained from Holes C0011C and C0011D (Fig. F3) . Lithology is divided into two units (Units I and II) at 347.82 m core depth below seafloor, method B (CSF-B) (see the "Site C0011" chapter [Expedition 333 Scientists, 2012a] ), corresponding to Shikoku Basin hemipelagites and middle Shikoku Basin volcanic sand faces, respectively (see the "Expedition 333 summary" chapter [Underwood et al., 2010] ). Unit I is divided into Subunits 1A and 1B at 251.56 m CSF-B. Subunit IA is mainly composed of greenish gray silty clay with minor amounts of volcanic ash. Subunit IB comprises weakly lithified mudstone with minor altered volcanic glass and volcanic ash. The dominant lithology of Unit II is coarser grained tuffaceous sandstones and conglomerate interbedded with mudstone similar to that of Subunit IB. The dip angle of bedding is stably low, at 10°. Moderately dipping small faults and planar shear zones are distributed in the 30-190 m CSF-B interval. Porosity determined onboard is about 0.63 in the ~20-80 m CSF-B interval and slightly increases to ~0.68 at ~80 m CSF-B. Again, porosity of 0.69 is constant to ~250 m CSF-B. Deeper than 250 m CSF-B, porosity decreases to 0.55 immediately and slightly decreases to ~0.5 to 380 m CSF-B.
Five core samples from Site C0011 were tested for velocity measurements. The locations of samples for this site are shown in Table T1 and Figure F3 . Tested samples are from Sections 333-C0011D-6H-3, 14H-3, 31X-5, 40X-2, and 50X-3. All samples are silty clay or weakly lithified mudstone. Dip angles of bedding for those samples are 13°, 16°, 19°, 19°, and 10°, respectively . Those values are determined from structure data at the location closest to the analyzed samples.
Site C0012
Site C0012 is located close to the top of Kashinosaki Knoll, oceanward of Site C0011 (Figs. F1, F2) . A total of 180 m of core was drilled at this site. The lithology of Site C0012 is divided into two units (Unit I Shikoku Basin hemipelagite and Unit II middle Shikoku Basin volcanic sand facies; Fig. F4 ). Unit I is composed of mainly dark greenish gray clay and silty clay and silt interbedded with volcanic ash and minor thin sand (see the "Site C0012" chapter [Expedition 333 Scientists, 2012b] . The boundary between Units I and II is at 151.61 m CSF-B. Unit II comprises mudstone similar to the lower part of Unit I and turbidite sands and sandstones including pebbles, coarse ash, and lapilli tuff. Lower dipping (~10°) bedding changes to higher dipping (~60°) bedding from the seafloor to 15 m CSF-B. In the interval between 15 and 85 m CSF-B, bedding dip is slightly stable around 50°-60°. Deeper than 85 m CSF-B, bedding dip decreases to about 10°-20°. Deeper than ~150 m CSF-B, bedding dip ranges from 10° to 50° to 180 m CSF-B.
Porosity is roughly constant and about 0.7 in the shallower interval between 0 and 80 m CSF-B. It decreases from 0.7 to ~0.6 from 80 to 100 m CSF-B. Again, porosity is stable at 0.6 to 130 m CSF-B, and then porosity decreases to ~0.5 to 180 m CSF-B. Porosity at Site C0012 is relatively lower at Site C0011 at the same depth (Figs. F3, F4 ) because porosity at Site C0011 does not change from around 0.6-0.7 to 250 m CSF-B.
Tested samples are Sections 333-C0012C-8H-1, 11H-4, and 15H-5 and Sections 333-C0012D-4H-5 and 9H-3. All samples are silty clay or weakly lithified mudstone. Dip angles of bedding for these samples are 50°, 13°, 14°, 16°, and 16°, respectively, on the basis of structural data.
Methods
The design of the experiment is similar to that employed in other studies of saturated marine sediments (e.g., Tobin et al., 1994; Tobin and Moore, 1997; Gettemy and Tobin, 2003; Hashimoto et al., 2010 Hashimoto et al., , 2011 Raimbourg et al., 2011) .
Two syringe pumps (Teledyne ISCO 1000D) control pore fluid pressure and confining pressure (Fig. F5) . A pore pressure of 1000 kPa was maintained under drained conditions. Velocity measurements were conducted under isotropic confining pressure conditions. Confining (effective) pressure was increased stepwise in the measurements, pressurized in 10 s and held for 24 h for the next step. The pressure interval ranges from 700 to 9460 kPa, which is at least 2.5 times in situ effective pressure at the sampling depth for each sample (Fig. F6) . In situ effective pressure at the sampling depth was calculated from the accumulation of the bulk density of sediments and hydrostatic pore fluid pressures at the depth of recovery (Figs. F3, F4 ; Table T1 ). A total of 5-6 steps were tested until in situ effective pressure, and an additional 5-7 steps were measured at least 2.5 times when in situ effective pressure was achieved. Lead zirconate titanate (PZT) shear wave transducers (500 kHz) were employed in a source-receiver pair. PZT in a shear orientation generates a weak compressional mode in addition to its primary shear mode to identify P-and S-wave arrivals in each test. Because Swave arrival time was often difficult to locate within the coda of the P-wave arrival, S-wave velocity is not shown in this study. Axial displacements were measured during experiments. The change in porosity is obtained from the change in the volume of pore water. The porosity from onboard measurements was used as the porosity at about 100 kPa of effective pressure because the measurements were obtained under atmospheric pressure and wet conditions. In the case that the experimental condition around 100 kPa was not available, the pore volume at 100 kPa was calculated by linear extrapolation from the closest two points of experimental data. The onboard porosity was taken from averaged values of the porosity measured onboard in the 10 m intervals where the sample was obtained at the middle point of the interval (Figs. F3, F4) . Error of porosity is defined as the standard deviation of onboard porosity data in the averaged intervals. The error ranges from 0.011 to 0.045 and from 0.013 to 0.028 for analyzed samples from Sites C0011 and C0012, respectively.
Samples were formed into a cylindrical shape, about 3.8 cm in diameter and about 4.5 cm in length. Measurement direction is parallel to the core axis.
Results
Compressional wave velocity as a function of effective pressure is shown in Figure F6 and Table T1 . The compressional wave velocities from Sites C0011 and C0012 range from ~1480 to ~1680 m/s and ~1500 tõ 1620 m/s, respectively, at low effective pressure up to 460 kPa. The velocities for Site C0011 and C0012 under in situ effective pressure condition vary from 1510 to ~1770 m/s and ~1510 to ~1680 m/s, respectively. Velocity increases with effective pressure. Samples from deeper portions represent higher compressional wave velocity at in situ effective pressure conditions except for the one from Section 333-C0011D-31X-5, which has higher velocity than the others although the depth is in the middle part of the measured samples. Slopes of curves of velocity as a function of effective pressure are higher for shallower samples than for deeper samples.
Change in porosity during experiments as a function of effective pressure is shown in Figure F7 and Table  T1 , except for Sample 333-C0012C-11H-4 because the change in pore volume was not obtained for the sample. Porosity of tested samples from Sites C0011 and C0012 ranges from ~0.64 to ~0.50 and ~0.72 tõ 0.48, respectively, at lower effective pressure. Porosity under in situ effective pressure for Sites C0011 and C0012 varies from ~0.61 to ~0.47 and ~0.69 to~0 .45, respectively. Porosity decreased with effective pressure increment during our experiments. The slopes of the curves of porosity and effective pressure space are comparable except for Sample 333-C0011D-31X-5 (Fig. F7) .
The relationship between compressional wave velocity and porosity is represented in Figure F8 . Two curves shown as "EJ98 high consolidation" and "EJ98 normal consolidation" in indicate the global relationship between compressional wave velocity and porosity (Erickson and Jarrard, 1998) . Onboard porosity and compressional wave velocity (z-direction) for Holes C0011D and C0012A (drilled during Expedition 322) are also represented in Figure F8 . The slope angles for each sample in the relationship between compressional wave velocity and porosity almost match the EJ98 normal consolidation curve except for Sample 31X-5. The exception of Sample 31X-5 is probably due to irregular deformation of the sample in the test (rubber jacket was partly stuffed in the edge of sample). Most samples from Sites C0011 and C0012 show slightly slower compressional wave velocity than EJ98 normal consolidation curves and onboard measurements, especially in the lower effective pressure (in porosity higher than ~0.6). The differences between velocities from laboratory experiments and onboard measurements are up to 50 m/s. The velocity in lower porosity is relatively consistent with that from onboard measurements and the EJ98 normal consolidation curve. The comparison of compressional wave velocities with depth between laboratory experiments, onboard measurements, and logging while drilling (LWD) for Site C0012H conducted during Expedition 338 is shown in Figure F9 . Slightly slower velocities for shallower samples are also observed in the interval shallower than 100 m CSF. The samples deeper than 100 m, however, have relatively well-consistent velocities with those from onboard measurements and LWD. Figure F2 . Location of NanTroSEIZE Sites C0011 and C0012 on a seismic profile of Nankai accretionary prism off Kii Peninsula. Figure F3 . Stratigraphic summary, Site C0011. Open diamonds = locations and porosities of tested samples. 1.7
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Onboard data from C0012A Onboard data from C0011D Figure F9 . Compressional wave velocities from laboratory experiments under in situ effective pressure, onboard measurements (Holes C0011D and C0012A), and logging while drilling (LWD) (Hole C0012H). Table T1 . Effective pressure, compressional wave velocity, and porosity for tested samples. 
